SUMMARY The frequency of lethal stroke was examined over a 20-year period in a large collection of autopsy material and was compared with the official mortality statistics for the same period.
MORTALITY STATISTICS from several countries indicate a considerable decrease in the over-all mortality of stroke over the past 2 or 3 decades. 1 
"
7 Most reports suggest a particularly heavy decline in brain hemorrhage.* 1 '• •• • Many inherent limitations make these trends uncertain. The most important sources of error are the diagnostic difficulties for the different types of strokes (hemorrhage vs infarction) and the changing diagnostic habits of physicians.
-'•

I0~11
Only 2 autopsy studies have been published on this question,"• u and both finished with the year 1960. Yates 1 ' analyzed autopsy material from 3 large hospitals in Manchester, England, from 1930 to 1960 and found a long term decline in brain hemorrhage, particularly in patients above 65 years of age. During the same time there was a marked increase in brain infarction, and the ratio of brain infarction to brain hemorrhage thus increased steadily over the 3 decades. The official mortality statistics showed almost identical ratios to those from autopsy records, which is remarkable as the autopsy material included both lethal and non-lethal strokes.
The autopsy study by Aurell and Hood, 14 compared the frequency of brain hemorrhage in 1949/1950 and 1959/1960 in Gothenburg, Sweden. They found a decrease in the frequency of hemorrhage during this period, but unlike the British report, the Gothenburg data indicated a decline only among young patients.
In view of these partly conflicting reports and the uncertainties that are inherent in official mortality statistics, we studied the frequency of lethal stroke over a 20-year period in autopsy records from Oslo, Norway.
Material and Methods
The autopsy records from the Ulleval and Dikemark hospitals in Oslo were analyzed in this study. Both hospitals serve only the population of Oslo.
Ulleval Hospital has approximately 1,700 beds and is the largest municipal hospital in Oslo. Dikemark Hospital has 870 beds and is the main psychiatric hospital of the city. The admission policies were largely unchanged for both hospitals during the study period. The number of deaths per year in the Ulleval Hospital increased somewhat, from 1,786 in 1958 to 1,925 in 1977. The number of deaths in Dikemark Hospital was small throughout the period and increased from 34 in 1958 to 52 in 1977. All autopsies from both hospitals were performed at the Department of Pathology, Ulleval Hospital. The autopsy routine was the same throughout the period. The autopsy rate varied somewhat from year to year but there was no systematic change (table 2) . Autopsies performed for other hospitals were not included. The autopsy protocols from Ulleval and Dikemark were examined for all years from 1958 to 1977 and all lethal brain infarction and brain hemorrhage were recorded. Infarctions caused by venous occlusion, septic emboli, increased intracranial pressure and vasculitis were not included. Similarly, we excluded all instances of hemorrhage due to vascular malformations, trauma, tumors, and increased bleeding tendency. The material thus includes mainly hypertensive intracerebral hemorrhages and cerebral infarcts caused by emboli or atherothrombosis. 15 Hemorrhage due to ruptured aneurysms was recorded but separated.
Data concerning changes in the living population and deaths were obtained from the Office of Statistics of the City of Oslo. Some of these figures are presented in table 1. Data from the official death certificates concerning hospital-and non-hospital deaths in Oslo were obtained from the Norwegian Central Bureau of Statistics. These data were classified according to the List of International Classifications. (The 8th revision of this classification was used.)
The data from the autopsy records and the mortality statistics were calculated as percentages of the populations in question and correlation coefficients were calculated by linear regression analysis.
Results
Autopsy Material
The frequencies of lethal brain infarcts and intracerebral hemorrhages from 1958 to 1977 are shown in The sex ratios for the autopsy material and for the living population in Oslo is shown in the older age groups there was a slight preponderance of males for both stroke categories.
Mortality Statistics
Data from mortality statistics for the whole country are shown in figure 3 . Generally, there was a clear decline in the overall frequency of cerebrovascular deaths. Throughout the period the frequency of intracranial hemorrhage (rubrics 430 and 431 in the International Statistical Classification List) was much higher than for brain infarction (rubrics 433, 434 and 438). This difference in frequency is in marked contrast to that from the autopsy material which showed about twice as many infarctions as hemorrhages (table  2) . This suggests that the reliability of these clinical TABLE 
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Autopsy Records, 1958 Records, -1960 Records, and 1975 Records, -1977 Living population diagnoses is doubtful and the significance of the marked (75%) decline in hemorrhages is questionable, ( figure 3, table 3 ). The group of "acute undetermined vascular lesions" (rubric 436) showed a steady increase during the same period. The fall in hemorrhages may thus be in part spurious and caused by a shift in diagnostic terminology. There has been a tendency among physicians to use the term "brain hemorrhage" and "stroke" more or less synonymously, and it is probable that much of the decline in the frequency of hemorrhage reflects a change in this tendency. Figure 4 shows the frequency of lethal strokes in Oslo as they appear in the official statistics (rubrics 430-438) and the corresponding data from the autopsy records. There are considerable individual variations from year to year in both sources but the curves appear comparable, although the mortality statistics show a steeper decline than do those in the autopsy records. When the data are divided into different age groups, certain differences appear (figure 5*). For patients over 70 the death statistics show a higher stroke frequency than the autopsy records while the reverse is true for patients between 40 and 69. The mortality
•The data from the mortality statistics in figure 5 embrace the entire country. The data from Oslo are similar but too few figures were available from the city to obtain reliable curves. statistics showed a marked decline in frequency for the oldest age groups while data from the autopsy records indicated a very slight fall in this group. For the youngest age group both sets of data showed a similar decline.
CHANGES IN STROKE MORTALITY/Torvik and Stenmg
One possible explanation for the slower decline in stroke frequency for the older age group in the autopsy records could be an increase in stroke admissions to the hospital during the period. In view of the increasing number of old people in the population and the increasing number of deaths outside the hospital (table 1) this explanation might appear reasonable. However, further analysis of mortality statistics from Oslo showed that the frequency of stroke deaths for both age groups remained the same for those dying inside and outside hospital throughout the period. It seems unlikely that the horizontal course of the autopsy curve for patients over 70 is due to an increasing admission of patients with stroke to the hospital.
Another more likely explanation may be that mortality statistics contained a decreasing admixture of non-vascular deaths in the older group. This applies particularly to rubric 437 which carries the title "generalized ischemic cerebrovascular disease." According to the Bureau of Statistics, this rubric covers the clinical diagnoses of "chronic cerebral ischemia," "arteriosclerosis cerebri," and "arteriosclerotic dementia." Most of these diagnoses are used for patients over 70 years of age. As neuropathologists have pointed out, most patients with these clinical diagnoses turn out to have non-vascular disease such as senile dementia. 1 ' 11T Information about this sub-group has been available in mortality statistics since 1969 and during the following 8 years the frequency of "generalized cerebral ischemia" declined from approximately 2.5 to 1.5 percent of all deaths over 70 ( fig. 3, table 3 ). Thus, a change in diagnostic habits has taken place which causes an artificial fall in stroke mortality for old patients. When the cases of "generalized cerebral ischemia" (rubric 437) are subtracted from cerebrovascular deaths over age 70, the curves from the 2 sources are similar.
For patients between 40 and 69 years of age the stroke frequency in the autopsy records was approximately 25 percent higher than from mortality statistics throughout the period (fig. 5) . This was the case even when hospital deaths in the mortality statistics were examined separately. As the autopsy material constitutes 50 percent of all hospital deaths in this age group, this discrepancy is puzzling, but the most likely explanation is that young patients with stroke are over-represented in the autopsy records.
It thus appears that the mortality statistics are unreliable for the sub-groups of stroke (hemorrhage vs infarction). There has been a true fall in the frequency of brain hemorrhage, but the decline that appears in the mortality statistics is incidental and mainly related to changes in habits of diagnosis. The data for over-all cerebrovascular mortality are more reliable, but even in this group long term changes should be interpreted with care because of the possible admixture of nonvascular patients. The autopsy records give a good indication of the changes in the different types of stroke, and probably also reflect the over-all changes in cerebrovascular deaths better than the death certificates.
Discussion
The autopsy material indicates a 14 percent decline in the frequency of stroke deaths over a 20-year period and a 25 percent decline in patients between 40 and 69 years of age. The most striking finding is a decline in hypertensive intracerebral hemorrhage which reached 70 percent for patients between 40 and 69 years of age and 33 percent for those over 70. The decline in cerebral infarction is much less pronounced. It was 32 percent in cases between 40 and 69 years while the highest age group showed no convincing change at all.
There are several presuppositions for this interpretation of changes in autopsy materials. The most important requirements are that the material must be truly unselected and representative for the population throughout the period, that no major changes had occurred in the population, and that the over-all mortality remained constant. Finally, the diagnostic criteria must remain the same throughout the period.
No autopsy materials can fulfill all these requirements completely. However, the present material comes within reasonable limits of the requirements and permits relatively safe conclusions. The general background for this may be found in a stable socioeconomic situation in Oslo throughout the period. Apart from a general increase in age (table 1), the population of Oslo remained remarkably stable and over-all mortality changed very little. The number of hospital deaths and the autopsy rate also changed little (tables 1 and 2). The admission policy of the hospitals remained the same throughout the period and the admission of patients was not selective. This applied particularly to emergencies to which category nearly all patients with stroke belonged. These patients were admitted shortly after the onset of symptoms and most of them died within a few weeks after the admission. Only lethal strokes were included in this material and inclusion of non-lethal strokes would have raised many questions concerning the significance of the trends. The criteria for pathological diagnoses remained the same and the diagnoses were made under the supervision of one neuropathologist (A.T.) during most of the period.
Thus the figures from autopsy records are believed to indicate a true decline in stroke frequency, particularly for intracerebral hemorrhage, especially in young people. This finding is at variance with the observations by Yates 1 * who described a long-term decline in hemorrhage over the decades from 1930 to 1960, but only among patients over 65 years of age.
The great decline in intracerebral hemorrhage would suggest a decrease in hypertension in the population as the main underlying factor. Hypertension also has been shown to be an important factor in the genesis of brain infarcts, cranial arteries.* 0 However, nearly half the brain infarctions are embolic and thus due to other risk factors than hypertension. 16 '
n ' u A decrease in hypertension would therefore affect brain infarcts less than hemorrhage.
The fact that the stroke decline affected mainly the young would suggest that the decrease in hypertension started fairly recently. The cause of this decline is not clear but it could be successful medical treatment of hypertension in the population.
Overall mortality for cerebrovascular deaths are largely similar in the 2 data sources (fig. 4) . The overall decline is also comparable although the decrease in old patients was somewhat greater in the mortality statistics. This may be due in part to a decreasing admixture of senile dementia (rubric 437) in the mortality statistics. When these are subtracted, the decline in the 2 sources is similar, including old patients.
The specific diagnoses brain hemorrhage and brain infarction, in the Norwegian mortality statistics are obviously wrong. Compared with the autopsy records they show a very marked (but decreasing) overrepresentation of hemorrhage (compare figures 1, 2, 3, and table 2). Apparently, physicians diagnose most strokes as hemorrhage. The decline in the frequency of hemorrhage in mortality statistics ( fig. 3 ) is probably caused mainly by a shift in this diagnostic habit.
The sex ratios in types of stroke also need comment. In some reports strokes are said to affect men and women equally, while others have reported a preponderance of men. 8 ' 7> "• l l The present material shows a crude 1:1 sex ratio when all age groups are taken together. When the age groups are analyzed separately and compared with the corresponding ratios in the living population, certain differences appear (table 4) . A marked male predominance was found for cerebral infarction in the youngest age group. This is partly caused by the admixture of cerebral emboli, and partly by the fact that cerebral atherosclerosis is more pronounced in men than women in the younger age groups." There was a clear male predominance for brain hemorrhages in the young age group and in those over 70 there was a slight male predominance both for cerebral infarction and hemorrhage compared with the living population. Vascular diseases of the brain thus affect men more severely than women although this difference levels out with increasing age.
In summary, our autopsy material shows a gradual decline in stroke mortality over the past 2 decades with a particularly marked decline in intracerebral hemorrhage in persons under 70 years of age. This confirms reports from several countries based on the official mortality statistics. The Norwegian mortality statistics show similar trends but the figures for the specific diagnoses cerebral hemorrhage and infarction in these statistics seemed to be wrong. Long term trends in the mortality statistics should, therefore, be interpreted with caution and checked against autopsy materials if possible.
